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Attractive cues have been shown to evoke automatic approach biases in tasks such as
the Automatic Approach Task or Stimulus Response Compatibility task. An important but
as yet not studied question is the role of temporal dynamics in such tasks: the impact of
automatic processes may depend on the interval between cue and response. The current
proof of principle study tested this hypothesized time-dependence of the approach bias.
Secondary goals included the exploration of effects of alcohol cues and virtual hand stimuli.
22 participants performed an SRC task in which the delay between the presentation of
the cue and the possibility to select the response was manipulated. Results revealed
an approach bias that decayed over longer delays. Thus, the approach bias was indeed
dependent on processes that are transiently evoked by cues. The results did not show
signiﬁcant effects of alcohol cues or a virtual hand.Temporal dynamics may be an essential
feature of approach biases.
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INTRODUCTION
Relatively attractive, appetitive cues, such as drug-related stim-
uli, have been shown to evoke automatic approach tendencies
in versions of tasks such as the Approach Avoidance Task (AAT)
or manikin Stimulus Response Compatibility (SRC) task (Saraiva
et al., 2013; Phaf et al., 2014). In the AAT, participants typically use
a joystick to pull a stimulus toward them or push a stimulus away
from them. This allows an approach/avoidance bias for one stim-
ulus category relative to another to be measures; arachnophobic
subjects are for example relatively slow to pull images of spiders
toward them (Rinck and Becker, 2007), and drug-using subjects
are relatively fast to pull drug-related stimuli (Wiers et al., 2009;
Cousijn et al., 2011). In the SRC, the stimulus to be approached
or avoided is presented in the center of the screen, and a movable
Response-stimulus – typically a manikin stick ﬁgure – is moved
toward or away from the stimulus. Using the SRC, effects for neg-
ative versus positive words and spiders have been demonstrated
(Krieglmeyer and Deutsch, 2010), and heavier drinkers have been
shown to be relatively fast to approach alcohol stimuli (Field et al.,
2008, 2011). Approach effects have also been found on attention
to alcohol cues, indicating that such cues are salient and attractive
to drinkers: for instance, heavy social drinkers show an atten-
tional bias toward alcohol cues (Townshend and Duka, 2001),
although such effects are complex (see below and, e.g., Loeber
et al., 2009).
A potentially important but as yet understudied aspect of
automatic approach biases is their temporal dynamics. Recent
theoretical perspectives suggest that temporal dynamics may play
a fundamental role in the contrast between reﬂective and auto-
matic processing (Cunningham et al., 2007; Gladwin et al., 2011;
Gladwin and Figner, 2014). Indeed, highly time-dependent effects
have been found for attentional biases for alcohol, in which an
engagement – disengagement temporal sequence following alco-
hol cues has been found (Noël et al., 2006; Townshend and Duka,
2007; Vollstädt-Klein et al., 2009). In these tasks, trials begin
with a task-irrelevant cue stimulus shown onscreen: a picture
of an alcoholic beverage, or a non-alcoholic beverage. This is
followed by a variable delay period, after which a probe stimu-
lus, to which subjects must execute a speeded choice response,
appears. The probe appears either at the same location of the
ﬁrst stimulus or at a different location. If the delay period is
brief (around 150 ms), alcohol-dependent subjects are faster
to respond to probes if they appear at the location of alco-
holic cue stimuli, relative to non-alcoholic cue-stimuli. After
longer delay periods (around 600 ms), this effect is reversed:
subjects are then relatively slow to respond to probes at the
location of alcoholic cues. This is in line with attention ini-
tially being drawn to alcohol cues, but subsequently moved
away. One interpretation of this effect is that subjects cannot
completely avoid an initial attentional bias toward the salient alco-
hol cues, but have learned to shift attention away from them
as soon afterward as possible, because such cues are able to
capture attention and cause distraction and subsequent unde-
sired behavior. Indirect evidence for this view has been found
using fMRI, in which subjects with more problems with haz-
ardous drinking showed decreased activation, when confronted
with distracting alcohol stimuli, in a brain region associated
with attentional control (Gladwin et al., 2013). In the context
of working memory, distracting effects of alcohol distractors on
subsequent task performance also have been found to depend on
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the interval between distractors and task stimuli (Gladwin and
Wiers, 2011): alcohol stimuli in a secondary task cause a rela-
tively prolonged distracting effect on performance. However, to
our knowledge temporal effects have not been studied in the con-
text of the alcohol approach bias in motor responses. When an
alcohol cue is perceived, an approach response bias is expected
(see e.g., Wiers et al., 2009; Field et al., 2011), but does this bias
persist indeﬁnitely, dissipate, or reverse as found for attentional
biases?
The primary goal of the current study was therefore to pro-
vide a ﬁrst step in determining the time-dependence of approach
biases in an SRC. To this aim, we developed an Alcohol-Approach
Task in which responses could not be selected or executed until
a given delay following the cue. A second, more exploratory
goal was to compare effects when using of a “virtual hand”
as the movable response-stimulus, instead of the usual abstract
manikin. From the perspective of embodied cognition (Garbarini
and Adenzato, 2004), approach biases for appetitive stimuli may
be intimately related to physical, bodily actions, such as grasp-
ing or moving the hand away from stimuli. Further, previous
research has shown that subjects can experience a sense of vicari-
ous agency of others’handswhen theirmovementswere associated
with congruent instructions (Wegner et al., 2004). We therefore
hypothesized that subjects would exhibit stronger biases when
moving a representation of a hand rather than a more abstract
stimulus. This would more closely represent the actual act of
grasping an alcoholic beverage and thereby potentially lead to
enhanced effects, if in fact such effects depend on this closeness of
representation.
MATERIALS AND METHODS
PARTICIPANTS AND PROCEDURE
Participants were 24 college students (four male, mean age
22, SD = 3) who participated for money (7 €) or course
credit. One subject was lost due to technical problems, and
one subject did not correctly perform the task, leaving 22
subjects for analysis. One subject did not complete the full
session; removing or including this subject did not substan-
tially affect results. Participants signed an informed consent
form and the study had the necessary IRB approval from the
University of Amsterdam Ethical Committee. Subjects received
verbal and written instructions and were seated in front of a
PC to perform tasks: a Preference task, the SRC task, and
another task not reported here. After performing the tasks,
subjects ﬁlled in the AUDIT questionnaire on risky drink-
ing (Saunders et al., 1993). The mean AUDIT score was 6.5
(SD = 3.3), which is in the high range of low-risk drinking
(Saunders et al., 1993).
TASKS
Preference task
The ﬁrst task was used to individualize stimuli. Subjects were
presented with pairs of stimuli shown next to each other. Stim-
uli were drawn from a set of 24 color pictures of beverages (12
alcoholic, 12 non-alcoholic). Subjects chose which of the bev-
erages they most preferred. After the ﬁrst selection, subjects
were presented with one novel picture, which was consecutively
paired with the most to least preferred stimuli so far, until it
was either selected or found to be less preferred than the pre-
viously least preferred picture, thus sorting the stimuli. The
four most preferred alcohol stimuli and the four most pre-
ferred soft drink stimuli were selected as stimuli in subsequent
tasks.
Manikin SRC task
The Manikin task consisted of eight blocks of twenty trials. Prior
to each block, subjects received instructions on how to respond
in the upcoming trials. Instructions were either to approach alco-
hol and avoid soft drink stimuli, or avoid alcohol and approach
soft-drink stimuli. Trials began with the presentation of a cen-
tered beverage stimulus (visual angle around 14◦). After a delay
of 0, 300, 600, or 900 ms, a manikin appeared to the left or
right of the beverage stimulus. Delays were selected at random
per trial, which resulted in a mean proportion of trials with a
given delay of 0.25 as expected, with a SD of 0.026 and a min-
imum proportion of 0.20 trials and a maximum proportion of
0.32 trials over all subjects. Subjects were to move the manikin
ﬁgure toward or away from the beverage stimulus, depending
on the current block instructions. If the manikin appeared to
the right of the beverage stimulus, a single press of the J or K
key (index and middle ﬁnger) was used to move the manikin
toward and away from the stimulus, respectively. If the manikin
appeared to the left, the F and D keys were used to move the
ﬁgure. Thus the hand was used that matched the location of
the manikin, and the ﬁnger of the hand was used that matched
the direction of the movement of the movement. After a but-
ton press, the manikin was animated to move in the indicated
direction, either to the side or the center of the screen, tak-
ing one second. If an incorrect response was given the word
“Incorrect” was displayed in red for 2000 ms. Trials ended with
a 200–300 ms inter-trial interval during which a ﬁxation cross was
presented.
Hand task
The Hand task was identical to the Manikin task, except that a
photographed image of a hand, in an open grasping position,
replaced the manikin ﬁgure. The hand was shown roughly at the
angle at which the subject’s own hand would be viewed if it were
placed on a table. A left or right hand was presented depending
whether the hand appeared to the left or to the right of the beverage
stimulus.
STATISTICAL ANALYSIS
The ﬁrst four trials of the task, the ﬁrst trial per block, and
trials with reaction times below 150 ms or above 1500 ms
were excluded from analysis. Reaction time (RT) and accu-
racy of responses to the appearance of the manikin or
hand were analyzed using repeated measures MANOVA. One
MANOVA tested the differences between RT scores over dif-
ferent conditions for the different within-subject conditions;
another MANOVA tested the accuracy scores. The within-
subject factors for each MANOVA were Response-Stimulus
(Hand versus Manikin), Alcohol (alcoholic versus soft drink
cue), Approach (required approach versus avoid response) and
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Table 1 | Behavioral results.
Manikin Hand
Soft Alcohol Soft Alcohol
Avoid Approach Avoid Approach Avoid Approach Avoid Approach
Reaction time (RT) 535.16 (74) 511.41 (80) 514.3 (70) 511.7 (74) 525.58 (87) 496.9 (73) 521.97 (69) 502.27 (85)
Accuracy 0.93 (0.046) 0.94 (0.044) 0.94 (0.043) 0.93 (0.042) 0.91 (0.059) 0.94 (0.043) 0.93 (0.044) 0.94 (0.041)
Reaction time and accuracy data. RT, mean (SD) reaction times in ms. Accuracy, proportion of accurate responses. Manikin and Hand refer to the task versions, in
which subjects moved a manikin or a virtual hand, respectively. Soft and Alcohol refer to the beverage type to approached or avoided.
Delay (cue – response-stimulus interval: 0, 300, 600, or
900 ms).
RESULTS
Reaction times and accuracies are presented in Table 1. The
following effects on RT were found. Approach responses were sig-
niﬁcantly faster than avoid responses [F(1,21) = 13.14, p = 0.002,
η2p = 0.39]. Increasing delays were associated with faster responses
[F(3,19) = 282.91, p < 0.0005, η2p = 0.98]. Post hoc analyses
comparing all six pairs of CSIs were performed using two-
sided t tests. The following pairs had signiﬁcant difference at
a criterion of 0.05/6, i.e., using Bonferroni correction for the
number of pairs to be tested (choosing 2 CSIs from the set of
4 CSIs; the same pairs were signiﬁcant at a 0.05 criterion): all
other CSIs versus 0 ms and both 900 ms and 600 ms versus
300 ms.
Essentially, the effects of Approach and Delay interacted
[F(3,19) = 9.90, p < 0.0005, η2p = 0.61], due to decreasing
approach biases for higher delays (Figure 1). Post hoc analyses
of the Approach by Delay interaction were performed by testing
differences in approach bias (i.e., the approach minus avoid dif-
ference score) between pairs of delays. Signiﬁcant decreases over
increased delay were found between 600 ms versus 300 ms, 900
versus 0 ms, and 900 versus 300 ms (all p < 0.05/6; additionally,
FIGURE 1 |The decay of the approach bias over increasing
cue-stimulus interval. Reaction times (left column) and approach – avoid
differences (right column) for the Hand and Manikin versions of the task
(top and bottom row, respectively). SEs are shown as dotted lines for
difference scores in the right column. Note that the speciﬁc motor
response was only known at the time of Stimulus presentation, yet the
approach bias depended strongly on the time since the presentation of the
preceding Cue.
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for 300 ms versus 0 ms, p = 0.014). Thus, the set of the two shorter
delays differed from the set of the two longer delays, but no signiﬁ-
cant difference was found between 0 and 300 ms delay, or between
600 and 900 ms delay.
On accuracy, only an effect of Delay was found [F(3,19) = 4.71,
p = 0.013, η2p = 0.43]. Post hoc two-sided t tests were performed,
correcting for the six pairwise comparisons as for RT. Accuracy
was higher for 600 ms and 900 ms versus 0 ms CSI; additionally,
for 300 versus 0 ms, p = 0.03.
DISCUSSION
As hypothesized, approach biases decreased with delays, in line
with the idea that the balance between reﬂective, task-related
processing and automatic biases may involve time-dependent pro-
cesses. Note that, essentially, if it were the case that the approach
bias involves only a process involving execution of the movement
itself, it should not depend on the time since cue presenta-
tion. In contrast, it appears that cues transiently evoke approach
tendencies, independent of response execution. Evidence for a
role of similar temporal dynamics in attentional tasks have been
found previously (Noël et al., 2006; Townshend and Duka, 2007;
Vollstädt-Klein et al., 2009; Gladwin and Wiers, 2011) and they
may play a fundamental role in automatic processes related to,
e.g., drug-related approach biases (Gladwin et al., 2011). If so,
understanding these time-dependent effects may have clinical
implications: if approach tendencies decay relatively quickly, train-
ing subjects to even slightly delay responses to drug stimuli may
be effective in reducing approach behavior, possibly playing a
role in the efﬁcacy of interventions such as cognitive bias mod-
iﬁcations using approach – avoidance retraining (Wiers et al.,
2011).
We note a number of limitations of the current study. The
time-dependent effects in the current study were not speciﬁc to
alcohol stimuli or risky drinking. The approach bias was found
for both beverage types, which may reﬂect general appetitive
attributes of both soft drinks and alcoholic drinks for this pop-
ulation. Indeed, in previous research a gene-dependent approach
biaswas also found for both alcoholic andnon-alcoholic appetitive
stimuli (Wiers et al., 2009). Therefore we cannot attribute the cur-
rent time-dependent approach bias to alcohol-speciﬁc processes.
More delay intervals, allowing more ﬁne-grained analyses, and
the inclusion of heavier drinkers may yet reveal speed-of-decay
effects that are related to alcohol. Rating scales could be added
to the stimulus selections procedure in order to capture more
information about the relative subjective values of the stimulus
categories. Although beyond the scope of the current study, it
would also be interesting to include cues evoking avoidance biases
in future research, such as phobia-related or unpleasant stimuli.
With such stimuli, an initial avoidance bias would be expected
that decays with time, or possibly reverses to approach as control
is exerted.
In the current study, delays were selected randomly per trial.
Although this does not seem likely to have inﬂuenced the ﬁndings,
future research should more precisely control for the number of
trials per delay period.
No effects of the response-stimulus, a manikin or a hand,
were found. Possibly, both stimuli led to a similar coding of
responses as approach versus avoidance. Future research could
yet explore this further by using actual grasping motions rather
than key presses, but the current results do not seem to pro-
vide evidence for likely strong differences. If this null result
proves robust, it would suggest that the neural representations
of approach/avoidance that lead to biases are not closely tied to
speciﬁc motor representations.
In conclusion, approach biases appear to reﬂect time-
dependent processes that decay after cue presentation. Thus,
the manipulation of the timing of responses relative to cue
presentation may be of potential importance for the study of
approach-avoidance biases. We did not ﬁnd evidence that using
stimuli that closely reﬂect actual body movements may be better
able to evoke motivational behaviors than more abstract stimuli,
although it is as yet uncertain whether different circumstances
such stimuli could yet lead to signiﬁcantly different effects. Stud-
ies focused on more ﬁne-grained analyses of effects of delay would
appear to be a potentially fruitful line of research, and could
open novel methods such as the analysis of the speed of decay
of biases.
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